Abstract. Among the different scenarios of New Physics, those with an extended Higgs sector are examined with a lot of attention. Recent experimental observations of several anomalies in flavour physics with respect to expectations of the Standard Model further motivate the effort of phenomenologists. First, informations about the R Ds ratio, a test of lepton flavour universality equivalent to R D , already measured, but with the s quark as spectator, are awaited in coming years to constrain the corner of an extended Higgs sector with charged doublets. On another side, leptonic widths of pseudoscalar quarkonia are particularly interesting to test an extended Higgs sector with a light CP-odd Higgs boson singlet, through the study of its mixing with quarkonia states. Hadronic parameters entering those processes have to be determined from lattice QCD with enough confidence on the control of systematic errors. We report on the very first step of a long-term program tackled with N f = 2 Wilson-Clover fermions to put relevant constraints on extensions of the Higgs sector: extraction of decay constants of D * s , η c , η c (2S ), J/ψ and ψ(2S ) with lattice ensembles provided by the CLS effort, considering 2 lattice spacings and a large range of pion masses to estimate cut-off effects and extrapolate results to the chiral limit.
Introduction
The discovery at LHC of the Higgs boson with a mass of 125 GeV has been a major milestone in the history of Standard Model (SM) tests: the spontaneous breaking of electroweak symmetry generates masses of charged leptons, quarks and weak bosons. A well-known issue with the SM Higgs is that the quartic term in the Higgs Lagrangian induces for the Higgs mass m H a quadratic divergence in the hard scale of the theory: it is related to the so-called hierarchy problem. Several scenarios beyond the SM are proposed to cure the issue. Minimal extensions of the Higgs sector contain two complex scalar isodoublets Φ 1,2 that, after the spontaneous breaking of the electroweak symmetry, lead to 2 charged particles H ± , 2 CP-even particles h (SM-like Higgs) and H and 1 CP-odd particle A. In that class of scenarios, quarks are coupled to charged Higgs through a right-handed current and to the CP-odd Higgs through a pseudoscalar current. Phenomenological consequences have recently received a lot of attention. On the one hand, several tests of lepton flavour universality have shown some hints of anomaly with respect to the SM expectations, especially for the ratios R D ( * ) ≡ Γ(B→D ( * ) τν τ ) Γ(B→D ( * ) ν ) , = e, µ [1] [2] [3] : semileptonic decays with τ lepton in final states can have a non-SM contribution from the Speaker, e-mail: benoit.blossier@th.u-psud.fr , for instance at Belle-2, assuming on the theory side a very good control on hadronic properties of B s , D s and D * s mesons. On the other hand, the leptonic decay of pseudoscalar quarkonia, highly suppressed in the SM because it occurs via quantum loops, can be reinforced by a new tree-level contribution mediated by a light CP-odd Higgs boson [4] : any enhanced observation with respect to the SM expectation would be a clear signal of New Physics. Obviously the hadronic inputs to constrain the CP-odd Higgs coupling to heavy quarks are the decay constant of pseudoscalar quarkonia.
Lattice analysis
Our work has been performed using a subset of the CLS ensembles with N f = 2 O(a) improved Wilson-Clover fermions, whose parameters are collected in Table 1 . Two lattice spacings a β=5.5 = 0.04831(38) fm and a β=5.3 = 0.06531(60) fm, resulting from a fit in the chiral sector [5] , are considered; we have taken simulations with pion masses in the range [190 , 440] MeV. The charm quark mass has been tuned after a linear interpolation of m 2 D s in 1/κ c at its physical value [6] , after having fixed the strange quark mass [7] . The statistical error is estimated from the jackknife procedure: 2 successive measurements are sufficiently separated in trajectories along the Monte-Carlo history to neglect autocorrelation effects. We have computed quark propagators in two-point correlation functions using stochastic sources that are different from zero in a timeslice that changes randomly for each measurement; we have applied spin dilution and the one-end trick to reduce the stochastic noise [8, 9] . Two-point correlation functions under investigation are
where V is the spatial volume of the lattice, ... the expectation value over gauge configurations and interpolating fieldscΓQ are not always local. As a preparatory step we have examined different possibilities to find the best basis of operators, combining levels of Gaussian smearing, interpolating fields with a covariant derivativecΓ γ · ∇Q and operators that are odd under time parity. Solving the Generalized Eigenvalue Problem (GEVP) [10, 11] is a key point in our analysis. Looking at the literature on lattice studies of charmonia, we have noticed that people tried to mix together the operatorscΓc andcγ 0 Γc in a unique GEVP system [12, 13] : according to us, that approach raises questions. To explain our puzzle, we take the example of the interpolating fields {P =qγ 5 q, A 0 =qγ 0 γ 5 q}; we have the following asymptotic behaviours:
The matrix of 2 × 2 correlators of the GEVP is then
In the general case, the spectral decomposition of C i j (t) is
The dual vector u n to Z s is defined by
If D i j is independent of i, j, we can write 
The effective mass got from solving the GEVP reads am e f f,n = ln λ n (t,t 0 ) λ n (t+a,t 0 ) . In our numerical application, we have chosen T/a = 64, t 0 /a = 3 and compared 2 × 2 and 3 × 3 subsystems: results can be seen in Fig. 1 . Our observation is that until t = T/4 there is no effect of neglecting the time-backward contribution in the correlation function. So it is certainly safe for the ground state or the first excitation. On another side one might wonder what might happen with a dense spectrum when one extracts the energy of the 3 rd or a higher excited state. Building a basis of operators with {cΓc;cΓ γ · ∇c} could be beneficial and it was already explored [14, 15] . But there are sometimes bad surprises, a good example is the pseudoscalar-pseudoscalar correlator
. Indeed, we have found that the "diagonal" contribution
, resulting in a correlator C(t) very noisy and compatible with zero. Eventually we have considered 4 Gaussian smearing levels for the quark fields c and s, including no smearing, to build 4 × 4 matrix of correlators without any covariant derivative and no operator of the π 2 or ρ 2 kind [14] , from which we also extract the O(a) improved hadronic quantities we examine. Solving the GEVP for the pseudoscalar-pseudoscalar and vector-vector matrices of correlators
, we obtain the correlators that will have the largest overlap with the n th excited state as follows:
and their symmetric counterpart with the exchange of operators at the source and at the sink, and with the quark bilinears P =cγ 5 Q, A 0 =cγ 0 γ 5 Q, V k =cγ k Q and T k0 =cγ k γ 0 Q. In those expressions the label L refers to a local interpolating field while sums over i and j run over the 4 Gaussian smearing levels.
D s sector
To perform the analysis of heavy-strange 2-pt correlation functions, because of large fluctuations, we have decided to use generalized eigenvectors at fixed time t fix , v
(t fix , t 0 ), to perform the correspond- ing projection. In practive we have chosen t fix /a = t 0 /a + 1 but we have checked that the results do not depend of this t fix . From the time behaviour of the projected correlators and using appropriate ratios to cancel normalization factors, we have everything to extract the matrix elements of interest, after renormalization and O(a) improvement. In the left panel of Fig. 2 [16] and us, and 2 other have been performed at N f = 2 + 1 by HPQCD [17] and N f = 2 + 1 + 1 by ETMC [18] . We collect the various results in Fig. 4 . In the past it was thought it could be a quantity where quite large quenching effects of the strange quark show up with an amount larger than 10%, because the first result from ETMC is around 1.25. Our finding would tend to the conclusion that it is less pronounced: still, the trend is to have less spin breaking effects when more flavours are active.
Charmonia sector
We proceed in the same way as in the previous subsection to extract proterties of pseudoscalar and vector charmonia, including those of radial excitations. In Fig. 5 we plot effective masses of the η c , η c (2S ), J/ψ and ψ(2S ) mesons for the set F7. One can see that our plateaus are pretty long for the ground states but are unfortunately shorter for the radial excitations. The latter are acceptable for a qualitative exploration but not for a precision measurement. We show in Fig. 6 the extrapolation to the physical point of m η c and m J/ψ : the dependence on m 2 π and a 2 is mild, with cut-off effects almost negligible. However the contribution to the meson masses besides the mass term 2m c is difficult to catch. At the physical point m η c and m J/ψ are compatible with the experimental values 2.983 GeV and 3.097 GeV: m η c = 2.980(2)(18) GeV and m J/ψ = 3.085(4)(19) GeV, where the first error is statistical and the second error accounts for the uncertainty on the lattice spacing: the latter clearly dominates and hides a possible mismatch between our extrapolated results at the physical point and experiment. We display in Fig. 7 extrapolations at the physical point of f η c and f J/ψ : they are mild, cut-off effects on f η c are of the order of 4% at β = 5.3 while they are stronger for f J/ψ , about 10%. We get as preliminary results
where the systematic error comes from the uncertainty on lattice spacings. One can derive a phe- , one gets f "exp" = 407(6) MeV. So far there are only 2 lattice estimates of the η c and J/ψ charmonia decay constants at N f = 2 by ETMC [19] and us, and a third computation have been performed at N f = 2 + 1 by HPQCD [20] . We collect the various results in Fig. 8 . exp . The situation is even more confusing for the ratios of decay constants : f η c (2S ) / f η c < 1 while f ψ(2S ) / f J/ψ > 1.
